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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an electrically conductive rubber roll with 
a low hardness foamed rubber layer almost free from compressive permanent 
strain by using an electrically conductive foam rubber compsn. contg. EPDM as 
a rubber base, ADCA as a blowing agent and sulfur as a vulcanizing agent. 
SOLUTION: A shaft 1 positioned at the axial center of an electrically conductive 
rubber roll 4 is made of a metal such as iron, aluminum or stainless steel or an 
electrically conductive synthetic resin. A foamed rubber layer 2 disposed on the 
outside of the shaft 1 is formed from a foamed rubber compsn. prepd. by 
blending an ethylene-propylene-diene terpolymer (EPDM) as a rubber base with 
an electrically conductive material, azodicarbonamide (ADCA) as a foaming 
agent and sulfur as a vulcanizing agent. A resistance regulating layer 3 is 
preferably disposed as the outermost layer of the roll 4. A polymer contg. an 
electrically conductive material may be used as a material forming the layer 3. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the conductive rubber roller characterized by for the aforementioned conductive rubber layer to consist of a 
foamed rubber in the conductive rubber roller which may prepare a conductive rubber layer in the periphery of an axis in the 
shape of the said heart, may grow into it, and may prepare a resistance adjustment layer on the peripheral face of this 
conductive rubber layer further, and which is used in contact with a photo conductor, to carry out foaming hardening of the 
constituent [ ADC A ] with which contain as EPDM and a foaming agent and it contains sulfur as a vulcanizing agent as a rubber 
base material, and to be 

[Claim 2] In the conductive rubber roller which may prepare a conductive rubber layer in the periphery of an axis in the shape of 
the said heart, may grow into it, and may prepare a resistance adjustment layer on the peripheral face of this conductive rubber 
layer further and which is used in contact with a photo conductor The aforementioned conductive rubber layer consists of two- 
layer at least. The inside of this two-layer rubber layer, The conductive rubber roller characterized by for an outside layer 
(photo conductor side) consisting of a non-foamed rubber, and for an inside layer (axis side) consisting of a foamed rubber, 
carrying out foaming hardening of the constituent with which this foamed rubber contains ADCA as EPDM and a foaming agent, 
and it contains sulfur as a vulcanizing agent as a rubber base material, and being obtained. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the rubber roller used for image formation equipments, 
such as electrophotography equipment, especially the conductive rubber roller used in contact with a photo conductor. 
[0002] 

[Description of the Prior Art] Electrophotography equipments, such as a copying machine and a laser beam printer Generally 
have the drum-like photo conductor (photoconductor drum), and it is charged in a photoconductor drum. Expose, form an 
electrostatic latent image on a photoconductor drum, make a toner adhere to the latent image, and negatives are developed. 
Subsequently, the toner on a photoconductor drum is transferred to record media, such as a record form, and it imprints, while 
discharging a photoconductor drum to predetermined potential after that, the toner which remains on a photoconductor drum is 
cleaned, and new electrification exposure is started. By imprint, the toner supported by the record medium is fused and stuck by 
pressure, a record medium is fixed to it, and, thereby, a series of record work completes it. In order to carry out each 
aforementioned process, an electrification roller, a developing roller, an imprint roller, and an electric discharge (cleaning) roller 
are arranged around a photoconductor drum. An electrification roller gives predetermined potential to the electrification field for 
a photoconductor drum, a developing roller conveys a toner to a photoconductor drum, an imprint roller imprints a toner image 
to the record medium conveyed to the imprint field, and an electric discharge roller removes remains affixes, such as the imprint 
remaining toner, from a photoconductor drum while making fixed potential equalize the electrification field of the photoconductor 
drum after an imprint. However, the cleaning blade has been adopted instead of an electric discharge (cleaning) roller in recent 
years. These rollers also have a thing equipped with the resistance adjustment layer which consists of a conductive axis and a 
conductive elastic layer (polymer, such as rubber or polyurethane), or usually covers the aforementioned elastic layer further for 
electric resistance adjustment of a roller and the pollution control of a photoconductor drum or a record medium. 
[0003] It is a usual state that such a conductive roller is used in contact with a photoconductor drum, it carries out press 
energization especially of the electrification roller in the direction of a photoconductor drum with a pressurization spring etc., 
and the pressure welding is carried out to the photoconductor drum side by the predetermined press force. 
[0004] 

[Problem(s) to be Solved by the Invention] If contact or the state where the pressure welding was carried out follows [ a 
conductive roller ] a photoconductor drum for a long period of time, a compression set (it is also called a permanent set in 
fatigue) will arise on a roller (especially nip section). This inclination is remarkable when the conductive roller consists of foamed 
rubbers. Aggravation of a compression set produces the problem of generating of the picture nonuniformity by deformation of a 
roller in a place with a permanent set in fatigue. 

[0005] this invention was made in view of such a situation, and aims at offer of the conductive roller equipped with a foamed- 
rubber layer with few compression sets by the low degree of hardness, and the conductive foamed-rubber constituent which can 
form such a rubber layer. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the conductive roller of this invention A 
conductive rubber layer may be prepared in the periphery of an axis in the shape of the said heart, it may grow into it, and a 
resistance adjustment layer may be further prepared on the peripheral face of this conductive rubber layer. It is characterized 
by being the conductive rubber roller used in contact with a photo conductor, and for the aforementioned conductive rubber 
layer consisting of a foamed rubber, carrying out foaming hardening of the constituent with which contain ADCA as EPDM and a 
foaming agent and it contains sulfur as a vulcanizing agent as a rubber base material, and being obtained. 
[0007] Moreover, the conductive roller of this invention prepares a conductive rubber layer in the periphery of an axis in the 
shape of the said heart, and grows into it. Furthermore, it is the conductive rubber roller which may prepare a resistance 
adjustment layer on the peripheral face of this conductive rubber layer and which is used in contact with a photo conductor, the 
aforementioned conductive rubber layer Consist of two-layer at least and an outside layer (photo conductor side) consists of a 
non-foamed rubber among these two-layer rubber layers. It is characterized by for an inside layer (axis side) consisting of a 
foamed rubber, carrying out foaming hardening of the constituent with which this foamed rubber contains ADCA as EPDM and a 
foaming agent, and it contains sulfur as a vulcanizing agent as a rubber base material, and being obtained. 
[0008] Furthermore, as a rubber base material, the conductive foamed-rubber constituent of this invention contains ADCA as 
EPDM and a foaming agent, and contains sulfur as a vulcanizing agent. 

[0009] In order that this invention persons might get the foamed-rubber layer which a compression set does not produce, when 
the conductive foamed-rubber constituent which contains ADCA as EPDM and a foaming agent and contains sulfur as a 
vulcanizing agent as a rubber base material was prepared, foaming hardening of this was carried out and the foaming layer in a 
foamed-rubber layer or a conductive rubber layer was formed in the periphery of an axis, it found out that the compression set 
of a roller hardly arose, and this invention was reached. 
[0010] 
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[Embodiments of the Invention] this invention is explained in more detail with reference to a drawing below. 
[001 1] A cross section shows an example of the conductive rubber roller which is the form of operation of the 1st of this 
invention to drawin g 1 . In an axis and 2, a foamed-rubber layer and 3 express a resistance adjustment layer, and 4 expresses 
[ the inside of drawing, and 1 ] a conductive rubber roller. 

[0012] The axis 1 located in the axial center of the conductive rubber roller 4 consists of the synthetic resin which has metals, 
such as iron, and aluminum, various stainless steel, and conductivity. 

[0013] The foamed-rubber layer 2 prepared in the periphery of an axis 1 is formed from the foamed-rubber constituent which 

blended electric conduction material, the foaming agent, and the vulcanizing agent with the rubber base material. The rubber 

base material used by this invention is an ethylene-propylene-diene ternary polymerization object (EPDM). 

[0014] As electric conduction material blended with a foamed-rubber constituent, various conductive fiber, such as a staple 

fiber of carbon black, a graphite, a metal, conductive fine particles and the carbon fiber of a conductive metallic oxide (a tin 

oxide, titanium oxide), and a metallic oxide, can be used. As for the loadings of electric conduction material, it is desirable to set 

it as the five to 80 section to the rubber base-material 100 weight section (for it to abbreviate to the "section" below). 

[001 5] An AZO JI carvone amide (ADCA) is used as the aforementioned foaming agent. It is desirable to set it as the range of 

the 0.5 to 15 section to the rubber base-material 100 section as loadings of a foaming agent. 

[001 6] In this invention, sulfur is used as a vulcanizing agent. And additives, such as a vulcanization accelerator, a softener, a 
plasticizer, a reinforcing agent, an antioxidant, and an antistatic agent, can be suitably blended with the aforementioned foamed- 
rubber constituent in addition to the above-mentioned materia). 

[0017] To the outermost periphery of the conductive rubber roller 4 of this invention, it is desirable that the resistance 
adjustment layer 3 is formed. As a formation material of this resistance adjustment layer 3, the polymeric materials containing 
electric conduction material are mentioned. As polymeric materials, they are N-methoxyrnethyHzed nylon (8-nylon), urethane, 
etc. The electric conduction material which can be used has desirable carbon black especially in the above-mentioned thing. 
This resistance adjustment layer 3 controls the electric resistance of the conductive rubber roller 4 in the proper range, and 
gives withstand-voltage nature (leak-proof nature) to a roller. Furthermore, the outermost layer of drum of the conductive 
rubber roller 4 is constituted, a softener, a plasticizer, etc. ooze from the inside of a roller, the resistance adjustment layer 3 
prevents **, and the adhesion to the contacting photoconductor drum is prevented. 

[0018] The feature of this invention is that a conductive foamed-rubber constituent consists of the combination of the rubber 
base material EPDM, a foaming agent ADCA, and vulcanizing agent sulfur, and is using ADCA especially as a foaming agent. If 
well-known foaming agents other than ADCA, for example, OBSH, (4 and 4'-oxy-screw benzenesulphonyl HIDORAJIDDO) are 
used, when carrying out heating vulcanization of the foamed-rubber constituent, a foaming agent will check vulcanization. 
Therefore, the crosslinking density of rubber falls and the compression set of the foamed-rubber layer formed becomes large. In 
this invention, such a problem was avoidable by adopting ADCA. 

[0019] A cross section shows an example of the conductive rubber roller which is the gestalt of operation of the 2nd of this 
invention to d rawin g 2 . In a resistance adjustment layer and 5a, a foamed-rubber layer and 5b express a non-foamed-rubber 
layer, and 6 expresses [ the inside of drawing, and 1 / an axis and 3 ] a conductive rubber roller. 

[0020] what the difference with the conductive rubber roller 6 and the conductive rubber roller 4 shown in drawingj. consists of 
two-layer when a conductive rubber layer is a rubber roller 6 (more than two-layer is sufficient) — it is — except [ it ] 
substantial — both — since it is the same, it omits about explanation of each part Here, although two-layer is contained in any 
[ of a foamed rubber or a non-Toamed rubber, and a foamed rubber ] case, as for two-layer, it is desirable that an inside layer 
(axis side) consists of a foamed rubber among rubber layers two-layer in latter one, and an outside layer (photo conductor side) 
consists of a non-foamed rubber especially. Therefore, in the conductive rubber roller 6 shown in draw ing 2 , an inside layer has 
the composition to which foamed-rubber layer 5a and an outside layer change from non-foamed-rubber layer 5b. 
[0021] The conductive rubber roller 4 according to the 1st gestalt of operation of this invention is obtained for example, from a 
conductive foamed-rubber constituent as follows. That is, an axis 1 is fitted in after carrying out extrusion molding of the 
conductive foamed-rubber constituent to the peripheral face of an axis 1 at the shape of a tube. Subsequently, it installs, heats 
and vulcanizes [ foam and ] to the metal mold which has a cylindrical shape-like cavity. Subsequently, combination mixture of 
the formation material of the resistance adjustment layer 3 is carried out, and this is dissolved in an organic solvent. Coating of 
this solution is carried out to the aforementioned foaming layer outside surface, it can be made to be able to dry it by the 
dipping method, the roller coat method, the spray coating method, etc., the resistance adjustment layer 3 can be formed, and the 
conductive rubber roller 4 as shown in drawin g 1 can be manufactured. 

[0022] The conductive rubber roller 6 according to the 2nd gestalt of operation of this invention is manufactured by the various 
extrusion-molding methods as indicated by JP,7-295331,A. Among these especially the suitable extrusion-molding method is a 
method of obtaining the layered product of the continuous shape of a cylinder by which the two-layer rubber layer was formed 
in the periphery of an axis 1 which extrudes simultaneously the foamed-rubber constituent which forms inside foamed-rubber 
layer 5a, and the rubber constituent which forms outside non-foamed-rubber layer 5b using the extruding press machine which 
can be co-extruded. Such a layered product is cut to predetermined length, and it arranges to the metal mold which has a 
cylindrical shape-like cavity. Then, perform vulcanization by heating, and foaming, inside foamed-rubber layer 5a, outside non- 
foamed-rubber layer 5b, and rodding 1 are made to unify, and a conductive roller to have the configuration where the inner skin 
of metal mold was met is obtained. Furthermore, if the resistance adjustment layer 3 is formed in the peripheral face of this 
conductive roller as mentioned above, the conductive rubber roller 6 as shown in drawin g 2 can be manufactured. 
[0023] In addition, although the aforementioned foamed-rubber constituent with which the foaming agent ADCA is not blended 
may be used as a non-foamed-rubber constituent used for forming non-foamed-rubber layer 5b, a non-foamed-rubber 
constituent can be prepared and used separately. The rubber base material used for this purpose is not restricted to EPDM, but 
can mention plasticity rubber, such as usual rubber, such as nitril butadiene rubber, chloroprene rubber, polyisoprene rubber, 
styrene butadiene rubber, an ethylene propylene rubber, polyisoprene rubber, and poly polynorbornene rubber, styrene- 
butadiene-styrenerubber (SBS), or its water additive (SEBS). 

[0024] Although applying to an electrification roller is optimal as for the conductive rubber roller of this invention, it is usable on 
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the developing roller used in contact with a photo conductor within electrophotography equipment, an imprint roller, an electric 

WSXCZ tn°e amount of the electric conduction materia, blended with a foamed-rubber ^^^J^T^. 
rubber constituent is determined according to the electrical property required of a , roller whe the rubber ^rc lers 4 and 6 of 
invention are used as an electrification roller, as a desirable electrification roller, the resistance of a roller of the volume 

resistivitv of 103-107ohm, and a rubber layer is 101 - 1013 ohm-cm. , . , 

002 though the form of operation of this invention is further explained using an example and the .example of companson, 
these do not limit the range of this invention. Especially all the sections are weight cnter.a except be.ng shown. 
fu027] (Example 1) To the EPDM100 section, additives, such as the carbon black 60 ..et.cn. the foam.ng agen AZOJI carvone 
amide (ADCA) 15 section, and other vulcanizing agent sulfur, were blended suitably. ,t kneaded w.th an ro)|er 
foamed-rubber constituent was prepared. This foamed-rubber constituent was extruded usmg the die, ^and the cyhndr cal roller 
material was created this - rodding (the diameter of 6mm, stainless steel round bar w.th a length of 250mm) - a through 
cy nde - meta mold ~ foaming vulcanization was heat-treated and (for 200 degrees C and 20 minutes) earned out .ns.d* the 
conductive foamed-rubber layer was formed in the periphery of rodding, and the conducive rubber roller of this mvent.on was 
obtained The Tze o the foamed-rubber layer 2 was 230mm in 3mm of thickness and length The charge of ■ 
was 30 capacity % when capacity of rodding and metal mold was set to 1 00. The degree of hardness of the aforementioned 
c^ZZ7oZe6-nZer layer was ASUKA C30 degree, and the volume-resistivity va.ues of the conducive rubber roller of 

SSffiSffi 1 ^"^ ^e front face of the roller obtained in the example 1 . Further, it flooded ^jjhjn. 
application liquid (3119 REZAMIN ME-100 section; 8794 carbon black ATL40 section; methyl-ethyl-ketone 91 sect.on d.methyl 
formaSe iTsection) this was dried at the room temperature after being immersed, the resistance adjustment layer 3 wh.ch 
ha" Tthe licknesfof lout 100 micrometers was formed on the peripheral face of a foamed-rubber «ayer. and the conduct.ve 

&^T fc ^S5SlSfiSa additives, such as the carbon black 60 section, the foaming agent AZOJI carvone 
amide (ADCA) 15 ection, and other vulcanizing agent sulfur, were blended suitably, it kneaded w.th an open roll, and the 
ramed-^bber constituent for inside layers was prepared. Then the "on^^ 

did not blend a foaming agent ADCA was prepared among the aforementioned const.tuent. 2^ P ess mach.ne 

oerformed extrusion molding for two kinds of prepared rubber constrtuents m one. on the other hand, rodd.ng tthe d.ameter or 
6mm Tainles^ steel Tund bar with a length of 250mm) was sent out from the abbreviation center sect.on of the mouthp.ece of 
a makS machine a n d tte Plastic solid which consists of two-layer [ of an inside layer and an outside layer ] and rodd.ng was 

r0 b 030i e Within the circle metallic tube type, this Plastic solid is heat-treated (200 degrees C, 1 hour), foaming vulcanization was 
^d^irifiii^Sierfon of the rubber layer was carried out at rodding. and the roller was obta.ned. Then metal mold 
was cooled t te room temperature, the Plastic-solid roller was taken out and the solvent ro Jl^^ 
Flooded with the urethane application liquid which used this in the example 2 conta.n.ng the carbon black of the specfied 
ouantitv further ft was made to dry at a room temperature after being immersed, the resistance adjustment layer 3 wh.ch has 
£ tSicknet of about 1 00 micrometers was formed on the peripheral face of non-foamed-rubber layer 5b, and the conduct.ve 

Su3l] r g^ZZSZ " tura, rubber 100 section, additive, such as the carbon black 60 section the foaming 
agen OBSH15 section, other vulcanizing agents, and sulfur, were blended suitably, it kneaded w.th an open rol . and the foamed 
rubber Constituent was prepared. The conductive rubber roller was manufactured like the method of an example 1 us.ng th.s 

[WslnSample 2 of comparison) To the EPDM100 section, additives, such as the carbon black 60 section, the foaming agent 
OBSH15 sec^on, other vulcanizing agents, and sulfur, were blended suitably, it kneaded w.th an open roll, and the foamed rubber 
constituent was prepared. The conductive rubber roller was manufactured like the method of an example 1 us.ng th.s 

Snlxamp.e 3 of companson) To the EPDM100 section, additives, such as the carbon ^ack 60 section, the fa™* . agent 
dinitrosopentamethylenetetramine (DPT) 15 section, other vulcanizing agents, and sulfur were blended suftably * kneaded wrth 
an open roll, and the foamed-rubber constituent was prepared. The conducive rubber roller was manufactured l.ke the method 

^^^"rf^pS^o**. EPDM100 section, additives, such as the carbon black 60 section "ing agent 
OBSH1 5 sec*on, other vulcanizing agents, and peroxide, were blended suitably, it kneaded w. ^W**** he fo e 
rubber constituent was prepared. The conductive rubber roller was manufactured l.ke the method of an example 1 us.ng th.s 

[STe SOOg load was imposed on the ends of each conductive rubber roller obtained from ^%- o al -f; ho t;rduto n r d 
example and the example of comparison of a compression set, the pressure weld.ng was earned out to the photo conductor 
which has the outer diameter of 30mm, it was left in the state (for 40 degrees C and three days), and the amount of permanent 

among dTa^nglnd 1 1 expresses a photoconductor drum. The amount of permanent sets .n fat.gue measures the crater of the 

periphery section of a roller compared with examination before, as shown .n dj^wjngj; . 

[0037] The result of the above-mentioned evaluation examination is shown in Table 1. 

[0038] 

[Table 1] 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_ejje 



03/08/21 



4/4 v 





^?'J (^Ol) 


mmmi 


5 2 


mm 


280 




2 5 0 


mm3 


2 1 0 


itmn4 


180 



[0039] (Example of reference) About each of the foamed-rubber constituent containing ADCA used in the example 1, and the 
foamed-rubber constituent containing OBSH used in the example 1 of comparison, among the rheometer (MDR2000), the 
vulcanization examination (160 degrees C) was performed and the torque-time curve (vulcanization curve) was recorded. 
Consequently, the vulcanization curve as shown in drawi n g 5 was acquired. In the foamed-rubber constituent of the example 1 
of comparison which uses OBSH as a foaming agent, after curing-time 10-minute progress, the maximum torque is recorded and 
vulcanization does not progress any more. On the other hand with the foamed-rubber constituent of the example 1 which uses 
ADCA as a foaming agent, the maximum torque is recorded after 20-minute progress, and this maximum is far larger than the 
maximum torque value of the foamed-rubber constituent of the example 1 of comparison. Therefore, in the foamed-rubber 
constituent of the example 1 of comparison, foaming of OBSH checks advance of vulcanization remarkably and the vulcanization 
degree is not fully going up. 
[0040] 

[Effect of the Invention] Since foaming formation of the conductive rubber layer was carried out as mentioned above from the 
foamed-rubber constituent containing a foaming agent ADCA, the rubber base material EPDM, and vulcanizing agent sulfur 
according to this invention, the roller material with few amounts of permanent sets in fatigue which was excellent in the 
compression set is obtained. Therefore, if image formation is carried out using the conductive rubber roller of this invention, 
picture nonuniformity will not occur. 

[0041] Moreover, since the compression set is small, the conductive rubber roller of this invention has a good oscillating 
absorption property, and generating of electrification sound may be suppressed at the time of use. Furthermore, an impurity 
does not ooze out from the inside of a roller and a good picture is acquired. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is the cross section of the conductive rubber roller according to the gestalt of operation of the 1st of this 
invention. 

[Drawing 2] It is the cross section of the conductive rubber roller according to the gestalt of operation of the 2nd of this 
invention. 

[Drawin g 3] It is a typical perspective diagram for explaining a compression-set measurement examination. 
[Drawi ng 4] It is the schematic drawing explaining the definition of the amount of permanent sets in fatigue. 
[ Drawin g 5] It is the graphical representation showing the vulcanization curve searched for using the rheometer. 
[Description of Notations] 

1 Axis 

2 5a Foamed-rubber layer 

3 Resistance Adjustment Layer 
4, 6, 10 Conductive rubber roller 
5b Non-foamed-rubber layer 

1 1 Photoconductor Drum 
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[Drawin g 2] 
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[Drawing 3] 
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[Drawin g 4] 




[Drawin g 5] 
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